To understand the physical and other factors related to walking among the elderly residents of a Care House for the aged, the total number of steps walked were measured over a period of I week (Nov. 6-12. 1994) for 67 female residents (mean age 79 + 1 years). In addition, walking speed, stride length, and the time to climb 15 steps (stair-climbing time) were measured. To understand the indirect factors such as balance and agility that may control walking, tests were conducted on the subjects' ability to stand on one leg with eyes open and closed, and jumping reaction time. Results showed a negative correlation between total number of steps and age (r=-0.543, P< 0.01), jumping reaction time (r=-0.258, p<0.05) and stair-climbing time (r=-0.501, P< 0.01). However, a positive correlation was found between total number of steps and stride length (r=0.408, P< 0.01), walking speed (r=0.419, P< 0.01), self-rated health (r= 0.390, P< 0.05) and standing on one leg with eyes closed (r=0.258, P< 0.05). The total number of steps walked and physical factors, particularly physique and balance, were also closely related. The above suggests that a walking habit among elderly persons helps to slow the decline in physical strength, which is necessary to prevent falls. It is also reflected in the person's awareness of health and may increase the opportunities for leading an active daily life.
Introduction
Japan is an aging society. The decline in physical ability with age results in decreased physical activity in daily life, which is in turn accompanied by atrophy of the muscles from disuse and presents the possibility of an increase in the number of bedridden elderly". On the other hand, Jette et al 2~ have indicated that appropriate exercise can prevent the decline in strength that comes with age. Above all, it is known that regular walking contributes to various physical factors, including balance and leg strength which are both important in physical activities in daily life:SL Moreover, it has been reported that a walking habit strongly affects a person's awareness and evaluation of his or her own health"L This suggests the possibility that regular walking can be an indicator of the degree of prevention in the decline in strength in daily activities. However, no research has clearly Received Jul. 21 1998/Accepted Dec. 26 1998 Reprint requests to: Yuzo SATO, Research Center of Health, Physical Fitness and Sports, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan TEL: +81 (52)789-3962 FAX: +81 (52) indicated that the number of steps walked by elderly persons can be an indicator of both of the other aspects of physical strength and evaluation of one's own health.
However, if the appropriateness of the type and intensity of physical activity for the elderly is not considered, it may have the opposite effect of causing various injuries. The desired type of activity would be one that is directly connected to the person's daily life, and for this an objective understanding is important. To gain such an understanding, it is necessary when working with elderly subjects living at home to perform rigorous measurements in such a way that conforms to the subjects' daily life. One strategy for this would be to place subjects in the same living environment for a long period, but due to the age of the subjects consideration of safety makes this difficult. There are other possibilities, however. A system of nursing homes called Care Houses was established in Japan in 1988 for the purpose of prolonging independence among the elderly by providing a supportive environment. In these Care Houses, all residents live for long periods in the same surroundings and follow the same daily routine (meals, sleeping and waking times). These homes are thus superbly suited to gaining an objective understanding of changes that take place in the elderly over time.
3,1 Factors in Daily Walking anmng Women
The present study, with the elderly of one such Care House as subjects, we measured the total number of steps walked and physical factors thought to be related to this, as well as conducted a self-rated health survey with the aim of clarifying the relationships among these. We investigated whether it is possible to use the amount of walking, as measured by number of steps, by elderly people as an indicator of other physical factors as well as subjective feelings of health.
Material and methods

Subjects
The subjects were 67 of 69 female residents of a Care House (2 were excluded due to lack of ability to leave the facility), opened in 1994 in Hyogo Prefecture, who consented to undergoing measurements of the number of steps walked and tests of physical strength. The mean age of the subjects was 79 -+ 1 (mean + SE) years. None of the subjects had any impairments in walking or in daily activities. In a survey of ADL (activities of daily living)7L all subjects were judged by an investigator to have mean scores or 2 or above (on a 3-step evaluation) on the items of "daily chores," "movement," "living habits," "order in personal affairs," "meals," and "personal relations."
Measurements
Measurements of height (cm), weight (kg) and body mass index (BMI; weight/heighd, kg/m:) were taken as Physical factors.
The number of steps walked was measured using a pedometer (Calorie Counter Select-2, Suzuken, Co.) ~ at 3 times (9:00, 13:00, 17:00) in approximately 12 hours from the time the subjects rose in the morning until after their evening meal, during the week of November 6-11 (1994) . These totals were taken as the daily number of steps (after 17:00 and the evening meal, residents spent the remainder of the evening in their rooms unless there was a special event), and used to calculate a one-week total for the number of steps walked. For other parameters, number of steps and walking time (sec) were measured while subjects freely walked 5 m. These measurements were used to calculate stride length (cm) and walking speed (m/sec). The time (sec) required to climb 15 stairs in a stairway within the facility (step height 17 cm) was also measured with the subjects climbing at a natural pace. Furthermore, to understand the indirect factors such as balance and agility that may control walking, tests were conducted on the subjects' ability to stand on one leg with eyes open and closed, and jumping reaction time (the time it took for subjects to react by jumping with both feet offa pad after seeing a Table 1 Results of statistical analysis of various age groups.
65-74 N=22 Mean • SE flash of light). For a self-evaluation of present state of health, each of the subjects responded verbally to questions such as "Do you think you are currently healthy?", and were then graded on a 4-step scale (4 = healthy, 3 = fairly healthy, 2 = not very healthy, and 1 = not at all healthy).
Statistical analysis
Simple categorized totals were calculated for all results, and each was carefully considered. To understand whether the measured items changed with age, reference was made to other reports '1 and subjects were divided into 3 age groups: 65-74 years old (N=22), 75-84 years old (N=33), and 85 years old and above (N=12). These ages were chosen with consideration of the age at which people may enter the institution (65 years old), the mean age of all subjects (79 years old, with a central value placed on mean age), and the fact that some residents were above 85 years old. A simultaneous test between groups was done by single configuration analysis.
Simple totals were calculated for all results, and the results of each measurement were investigated. Stride length (cm) and walking time (m/s) were then calculated from the number of steps (5m) and walking time (5m),and were analyzed for relations. Next, a correlation matrix was used to determine which of the measured items were closely related. Furthermore, to clarify relationships with variables other than total number of steps walked, total steps was taken as the dependent variable and a multiple regression analysis was performed with other variables as the independent variables.
Results
A. Changes with age
The measurement results for each age group are shown in Table 1 . Changes with age were found in most of the items measured. Specifically, statistically significant changes were observed between the groups in height, jumping reaction time, total walking steps (1 week), walking speed, stride length and the time taken to climb 15 steps.
B.
Relationship between total number of steps walked and each measured item C. Relationship between total number of steps walked and physical strength factors Table 3 shows the results of a multiple regression analysis with total number of steps (1 week) as the dependent variable and the other measured items of physique or strength as the independent variables. The multiple correlation coefficient exhibited a high value ofR = 0.723 (F= 5.263, P< 0.01). With P values, however, no significant relation was seen between selfrated health, stride length, walking speed, height, weight, BMI, jumping reaction time, or standing on one leg with eyes open. To improve repeatability, the multiple regression analysis was done again, this time excluding the items above for which there was no significant difference other than those with a strong correlation to total number of steps walked. However, the purpose was to clarify the relationship of number of steps walked, and physical factors thought to be related to it, with measurements of selfrated health, thus, a second multiple regression analysis was Table 2 Correlation matrix of all measured items. (N=67) performed, this time with self-rated health, for which no significant difference was found, as the control variable. The results showed number of steps walked to be related to age, selfrated health, stair-climbing time, and standing on one leg with eyes closed (R=0.696), (F=I 1.552, P<0.01).
The results of this second analysis demonstrated a strong correlation between the total number of steps walked and physical factors such as balance, as well as a correlation between number of steps and health awareness. Discussion Care Houses are based on the premise of self-reliance, and walking ability is an important physical factor for that selfreliance. This can be understood by the strong relationship between ADL'" ability and walking ability'"'2L
With elderly Care House residents as subjects, the present study investigated whether the number of steps could be used as an indicator of related physical factors as well as of self-rated health. Similar to earlier studies u'5~ among elderly care house residents, a statistically downward trend with time was observed in height, jumping reaction time, total number of steps walked, walking speed, and stride length. This decline, however, is not linear. The downward slope in height, jumping reaction time, and stair-climbing time is slight through the 70s, then beginning in the early 80s declines rapidly with age.
Doherty et al '`~ reported that motor unit losses are a primary factor in the age-associated reductions in contractile strength. Recent studies '7''~ have indicated that the deterioration in muscle Table 3 Multiple regression analysis of a factor influencing total walking steps as a dependent variable.
Significant differences among all variables were calculated as assumed influences of total walking steps ( 1week)(N=67). strength which accompanies age progresses rapidly through the 50s and 60s. In the present study, however, different results were obtained. This suggests that there are some elderly who maintain muscle strength (walking speed, stair-climbing time, etc.), and thus extend their lives, through activities related to daily life. Changes with age in agility and balance ability were observed in the total reaction test, standing on one leg with eyes shut, and standing on one leg with eyes open. Levin and Benton" maintain that the decline in agility and balance with age is a complex phenomenon in which the decrease in the number of nerve cells, the decline in nerve impulse transmission velocity, and the deterioration of cognitive function all play a part. Kaneko ~' ) suggested that the deterioration of neuromuscular function contributes to the decline with age in walking ability. These findings suggest that the changes in agility, balance, and walking ability have common causative factors in the deterioration of neuromuscular function, including the brain. It has also been suggested that the changes in ability to stand on one leg with eyes open and with eyes closed are due at least in part to deterioration of muscle function in the legs :"~.
These phenomena are closely related to falls among the elderly :''::). Agility, balance, and the number of steps walked in daily life can thus be considered important factors for investigation in order to prevent falls among residents of institutions for the elderly. Age is not the only factor related to the number of steps walked; leg muscle strength, balance and other factors are also important. Rikli et al 4~ reported the effectiveness among older women of long-term regular exercise in improving ability to stand on one leg with eyes open and response time, and that aerobic exercise increased cognitive processing speed which had previously deteriorated.
The present study as well shows that the amount of walking plays a role in agility and balance. It is therefore thought that ensuring a regular amount of walking (number of steps) will contribute to maintaining these functions as well as to increasing cognitive function.
Leg muscle strength and balance ability are also reflected in stride length and stair-climbing time a' 5~. Jette et al 2~ reported that walking exercise improves this type of physical strength. Moreover, Takeshima et al (' found that the self-rated evaluations of endurance and health is determined in large part by the amount one moves one's own body. Arao et al TM understood "functional fitness" as the physical capacity required for the elderly to carry on with daily life, and maintain that walking ability is a key behavior for this.
Consideration of the above suggests that a walking habit among the elderly is an important element in leading an active daily life, and furthermore that it can serve as an indicator of the physical capacities related to balance and leg muscle strength, as well as subjective feelings of health. In the present study, correlations were found between stair-climbing time as a reflection of amount of the walking and leg muscle strength, and the test of standing on one leg with eyes closed and self-rated health as a reflection of balance. This suggests that the amount of walking by elderly persons, as measured by number of steps, can serve as an indicator for the degree of various aspects of physical strength and in understanding the state of health.
The above shows that understanding the number of steps walked, which is deeply connected to daily activities among the elderly, can be important in gaining an objective understanding of the level of physical strength as it deteriorates with age. In addition, ensuring a certain level of walking can be a key factor in leading a healthy life among the elderly.
The above indicates that a walking habit among elderly people contributes to cognitive function and to preventing the deterioration of related physical strength, and at the same time to increasing the opportunities for leading an active life. From this one may see the importance of locating institutions such as the one in the present study in areas that provide a social environment, such as being close to shopping or other outing destinations, to encourage the habit of walking among the elderly.
